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Hawking radiation in moving plasmas
L.C. Garcia de Andrade1
Abstract
Bi-metricity and Hawking radiation are exhibit in non-relativistic
moving magnetohydrodynamics (MHD) plasma medium generating
two Riemannian effective spacetimes. The first metric is a flat met-
ric although the speed of ”light” is given by a time dependent signal
where no Hawking radiation or effective black holes are displayed.
This metric comes from a wave equation which the scalar function
comes from the scalar potential of the background velocity of the fluid
and depends on the perturbation of the magnetic background field.
The second metric is an effective spacetime metric which comes from
the perturbation of the background MHD fluid. This Riemann metric
exhibits a horizon and Hawking radiation which can be expressed in
terms of the background constant magnetic field. The effective ve-
locity is given Alfven wave velocity of plasma physics. The effective
black hole found here is analogous to the optical black hole in moving
dielectrics found by De Lorenci et al [Phys. Rev. D (2003)] where
bi-metricity and Hawking radiation in terms of the electric field are
found.
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I Introduction
Earlier De Lorenci et al [1] have shown that optical black holes descrided by
Leonhardt and Pwinicki [2] also exists in dielectric moving media. In their
model two distinct optical metrics are found with consequent birefrigence and
two respective horizons and optical black holes. Also the Hawking temper-
ature [2] is also found in terms of the electric field. Recently other effective
black holes in dielectrics have also been found by Schuetzhold et al [3]. In
this report we show that effective black holes [2] can be found in moving
plasmas from the wave equation in magnetohydrodynamics (MHD) flows. In
our case although bi-metricity is found one of the effective metrics is flat
with time dependent sonic speeds however this only vanishes in the case the
perturbation of the magnetic field vanishes. Actually this metric is obtained
from the wave equation obtained from the wave scalar which is the potential
of the background velocity ψ0. Nevertheless from the other wave equation of
the moving plasma given for the scalar potential of the background poten-
tial of the perturbed flow ψ1. Actually we have two flat Minkowski metrics.
One is the laboratory metric while the other is the flat effective metric of
the background fluid, besides the perturbed metric. Therefore two analogue
special relativistic metrics appears in the system. The metrics are not called
acoustic here neither the black holes are called sonic because in fact Alfven
waves decoupled from the acoustic waves in the plasma medium. The mag-
netic background field is chosen to be constant [4]. This paper is organised
as follows: In the section 2 we address the MHD equations and its respec-
tive wave equarion with the corresponding effective MHD flat metric and its
Riemannian bimetric effective geometry. In section 3 we show that Hawking
radiation [5] of the MHD flow is computed from the effective black hole. In
section 4 the conclusions and discussions are presented.
II Riemannian geometry of MHD analogue
black hole
Let us consider the MHD field equations of a non-dissipative perfect magne-
tohydrodynamical gas as
~E +
1
c
~v× ~B = ~0 (1)
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∂ ~B
∂t
= ∇×(~v× ~B) (2)
∇. ~B = 0 (3)
~J = c∇× ~H (4)
∇. ~J = 0 (5)
∂ρ
∂t
+∇.(ρ~v) = 0 (6)
ρ~˙v = −∇(π + 1
2
µ1H
2)− ρ∇g + µ( ~H.∇) ~H (7)
η˙ = 0 (8)
where ~E, ~B are the electric and magnetic induction fields respectively while ,
~H is the magnetic field and µ∗ := 2µ−µ2 , ~J is the electric current, connected
by the relation ~B = µ ~H where µ is the magnetic permeability and finally
ρ is the fluid density. In the paper π represents the pressure with in the
polytropic gas [4] we have
π = A(η)ργ (9)
Here γ represents the adiabatic exponent of the polytropic gas. In the approx-
imation considered here we can consider that A(η) is approximately equal to
one since this is given by [4]
A(η) = (
π0
ρ0γ
)exp[
(η − η0)
cv
] (10)
where cv is the specific heat at constant volume. Here the magnetic diffusity
ηB vanishes and the magnetic Reynolds RB number is infinity accordingly
with the expression
RB =
|∇×(~v× ~B)|
ηB|∇2 ~B| (11)
All MHD discussed here are nonrelativistic according to the approximation
|~v|
c
<< 1. The next step is to linearize these MHD equations accordingly
with the perturbation expressions
~H = ~H0 + ~h (12)
π = π0 + π1 (13)
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ρ = ρ0 + ρ1 (14)
~v = ~v0 + ~v1 (15)
where ρ1 << ρ, | ~H1| << | ~H0| and |~v1| << |~v0| carachterize the perturbations.
Here the quantity , ~v = ~v0 + ~v1, ρ0 = constant, π0 and ~H0 = constant repre-
sent a steady-state uniform solution of the MHD equations. Thus perturbing
this solution we obtain the following equations
∂ρ1
∂t
+∇.(ρ0∇Ψ1) +∇.(ρ1∇Ψ0) = 0 (16)
ρ0~˙v1 + ρ1~˙v0 = −∇(π1 + 1
2
µ1~h. ~H0) (17)
∂~h
∂t
= ( ~H0.∇)~v1 − ~H0(∇.~v1) + (~h.∇)~v0 −~h(∇.~v0) (18)
Here we have chosen a irrotational perturbation where v1 = ∇ψ1 and v0 =
∇ψ0. From this expression and equation (17) we obtain
ρ0
∂
∂t
ψ1 + ρ1
∂
∂t
ψ0 = −(π1 + 1
2
µ1~h. ~H0) (19)
Taking the time derivative again of equation (19) yields
ρ1
∂2
∂t2
ψ1 + ρ0
∂2
∂t2
ψ1 = −(γρ1γ−1 ∂
∂t
ρ1 +
1
2
µ1[
∂
∂t
~h]. ~H0) (20)
where we have used the relation (9) to simplify matters. Note that the first
term on the RHS of the equation (19) must be dropped because is not a first
order term in ρ1. Substitution of equations (16) and (18) into (20) yields
(
∂
∂t
+∇.~v0) ρ0
cP l2
(
∂
∂t
+ ~v0.∇)ψ1 −∇.(ρ0∇ψ1) = ρ0
ρ1
✷ψ0 (21)
This is the usual scalar wave equation that appears in the analog gravity. In
the equation (21) the speed cP l represents the plasma wave velocity given by
cP l
2 = (1− µ
∗H0
2
ρ0
) (22)
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The LHS of equation (21) yields the effective black hole metric
√−gg+00 = ρ0cP l2 (23)
√−gg+0j = ρ0cP l2(~v0T )0j (24)
Note that (i, j = 1, 2, 3) while (µ = 0, 1, 2, 3), and the speed of propagating
of the ✷ D’Alembertian is given by
c2 = [1− µ
∗~h. ~H0
ρ1
(25)
Note that the plus upper sign on the metric components represent that there
is another metric component given by g−µν given by
g−
ij
=
ρ0
c
δij (26)
where (i, j = 1, 2, 3) and the plasma effective spacetime speed cP is given by
cP l
2 = [
µ1 ~H20
ρ02
] (27)
The plasma effective metric is
ds2 =
ρ0
cP l
[cP l
2dt2 − δij(dxi − v0idt)(dxj − v0jdt)] (28)
Therefore the MHD effective Riemannian geometry g−µν can be described
by the special relativity effective line element
ds2 =
ρ0
c
[c2dt2 − δijdxidxj ] (29)
However in this case the signal velocity is not constant.
III Hawking radiation and horizons in mov-
ing plasmas
In this section we analyze the issue of the existence of Hawking radiation and
horizons in the first metric g+µν . From the expression
g+00 = cP l
2 − v02 (30)
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we obtain the horizon as the usual black hole condition in general relativity
g00 = 0 which in our case yields
cP l
2 = vh
2 = 1− µ
∗H0
2
ρ0
(31)
to better comparer with MHD equation we write down in three space as
∇2Ψ1 + ~K.∇Ψ1 = 0 (32)
By the definition of Hawking radiation [6]
kTH =
h¯
2π
gH
cH
(33)
where gH is the surface gravity defined by
gH =
1
2
d
dr
[cP l
2 − v02(r, t)] (34)
From these expressions we obtain the form of Hawking radiation
kTH =
h¯
2π
gH
1− µ∗H02
ρ0
(35)
This result is similar with that one obtained by De Lorenci et al [1].
IV Conclusions
Hawking radiation once more proves to be a radiation independent of the
physical system or the curved spacetime of general relativity, being computed
in moving plasmas as it was done previously in other physical systems such as
dielectrics and viscous fluids. Bimetricity in the plasma medium is obtained.
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